Introduction {#Sec1}
============

According to China's Ministry of Health data, nearly 3.5 million people die each year from cardiovascular disease (CVD) in China and CVD is the main cause of death in Chinese population^[@CR1],[@CR2]^. Therefore there is an urgent need to make early diagnosis and prevention measures to control of coronary heart disease (CHD).

Atherogenic index of plasma (AIP) is a useful independent predictor of all-cause mortality and cardiovascular events^[@CR3],[@CR4]^. It had been designated as a surrogate of small low-density lipoprotein particle size^[@CR5],[@CR6]^, and is associated with hypertension, diabetes, metabolic syndrome, and the risk of cardiovascular events^[@CR7]--[@CR10]^. A 7.8-year follow-up study of 2,676 middle-aged adults showed that AIP is a reliable biomarker for predicting diabetes and hypertension^[@CR11]^. A cross-sectional study in Nigeria showed that significantly increased AIP was a useful predictor of cardiovascular risk among postmenopausal women^[@CR10]^. Significantly increased AIP and intima-media thickness of the carotid artery were found in subclinical atherosclerosis in patients on maintenance hemodialysis in Turkey^[@CR12]^. Similar findings of AIP as useful tool for the diagnosis and prognosis of CVD was reported in Morocco population^[@CR13]^. However, there have been no reports regarding the relationship between AIP, CHD, and severity of coronary artery stenosis confirmed by coronary angiography.

To define the relationship between AIP and CHD, this study was designed to determine the association between AIP, CHD, and the severity of coronary artery lesions in a Chinese population.

Methods {#Sec2}
=======

Study population and diagnosis {#Sec3}
------------------------------

This study was approved by the Ethics Committee, Central Hospital of Nanchong. Clinical trial registration number: ChiCTR-RRC-16008502 (<http://www.chictr.org/en/>). This was a retrospective study, and informed consent could not be obtained from each patient. Instead of obtaining informed consent from each patient, we posted a notice about the study design and contact information at a public location in our hospital. All experiments in this study were performed in accordance with the relevant guidelines and regulations. The participants were consenting individuals undergoing coronary angiography at the Central Hospital of Nanchong from 2011 to 2014, and were at least 18 years of age. All subjects were without a history of prior myocardial infarction or revascularization. The indications for angiography include exercise-induced chest pain and atypical chest pain. Coronary angiograms were obtained by using standard techniques. The angiograms were defined with respect to the number of vessels involved (0, 1, 2, or 3). A total of 229 patients met the diagnostic criteria of CHD set by the World Health Organization, i.e. an individual with CHD should have at least one coronary stenosis ≥50%. Those participants with a maximum stenosis of \< 10% in any artery were included as the controls. Major exclusion criteria included: 1) a history of coagulation disorders; 2) familial hypercholesterolemia; 3) New York Heart Association Class III and Class IV heart failure; 4) ongoing systemic inflammatory diseases; 5) renal or hepatic dysfunction; 6) significant valvular disease, myocarditis, cardiomyopathies, and malignancy; 7) patient's unwillingness to participate in the survey. Hypertension was defined as systolic blood pressure greater than 140 mmHg, diastolic blood pressure greater than 90 mmHg, or a history of hypertension. Diabetes was defined according to the plasma glucose criteria of the World Health Organi-zation: fasting plasma glucose greater than 7.8 mmol/l and/or 2-hour postload glucose level greater than 11.1 mmol/l. Smoking were defined as adults aged ≥18 years who reported having smoked ≥100 cigarettes and currently smoked every day or some days.

Data collection {#Sec4}
---------------

Detailed demographic characteristics of each study object were recorded. Baseline data were ascertained by trained research staff according to standard operating procedures. Fasting venous blood was drawn from the forearm of each participant. Fasting blood glucose (FBG), triglyceride (TG), total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL), C-reactive protein (CRP), and homocysteine (Hcy) were measured using a Hitachi 7020 automatic blood analyzer (Hitachi, Tokyo, Japan). AIP was calculated as the logarithmically transformed ratio of TG to HDL-C, i.e., \[log(*TG*/*HDL-C*)\], measured in mmol/L.

Statistical analysis {#Sec5}
--------------------

All data were double-entered before being exported to tab-delimited text files. All analyses were performed by using R (<http://www.R-project.org>) and EmpowerStats software ([www.empowerstats.com](http://www.empowerstats.com), X&Y solutions, Inc. Boston, MA). Mean and proportion of the CHD group and the control group were calculated for the demographic characteristics and the blood analysis. The differences in population characteristics were compared using the Student's *t*-test or the chi-square test. Associations between risk factors and CHD severity were expressed as the odds ratio (OR). Multiple regression analyses were used to evaluate the relationship between AIP and CHD after adjusting for various variables. Differences were considered to be significant at *P* \< 0.05.

Results {#Sec6}
=======

Table [1](#Tab1){ref-type="table"} shows the demographics of the CHD group and the control group. No significant differences in mean age between the CHD group and the control group. The CHD group had greater values than the control group in TG, FBG, Hcy, AIP levels and smoking. No significant difference found in BMI, TC, LDL, HDL, CRP, and the proportion of hypertension and diabetes between the CHD and control groups. Univariate analysis showed that CHD was significantly associated with male sex, TG, AIP, FBG, Hcy, and smoking. Blood levels of TC, LDL, HDL, CRP were not significantly different between the two groups. It is noted, however, that the distribution of hypertension and diabetes, two common risk factors of CHD, were not statistically different between the CHD and control groups **(**Table [2](#Tab2){ref-type="table"} **)**. Therefore, male sex, enhanced values of TG, AIP, FBG, Hcy, and smoking were found to be the risk factors for CHD in this study.Table 1Demographic and clinical characteristics of study subjects.Male, N(%)Control (N = 234)CHD group (N = 229)P value135 (57.7)171 (74.7)\<0.001Age(y)65.7 ± 9.464.9 ± 10.00.365BMI(kg/m^2^)23.9 ± 3.123.8 ± 3.10.856TG(mmol/L)1.3 \[0.5--9.7\]1.6 \[0.5--11.2\]0.002TC(mmol/L)4.8 ± 1.04.8 ± 1.20.960LDL(mmol/L)3.0 ± 0.92.8 ± 1.00.053HDL(mmol/L)1.1 ± 0.31.1 ± 0.40.248FBG(mmol/L)6.7 ± 2.38.2 ± 4.8\<0.001CRP(mg/L)2.3 \[0.1--278.3\]2.8 \[0.1--317.2\]0.924Hcy(μmol/L)13.4 ± 6.415.0 ± 7.00.010AIP0.1 \[−0.5--1.0\]0.2 \[−0.6--1.0\]0.006Smoking, N(%)48 (20.5)91 (40.1)\<0.001Hypertension, N(%)110 (47.0)120 (52.9)0.209Diabetes, N(%)35 (15.0)48 (21.1)0.084Coronary artery lesions, N(%) \< 0.001 Normal234 (100.0)0 Single-vessel lesion098 (42.8) Multi-vessel lesions0131 (57.2)BMI = body mass index, TG = triglyceride, TC = total cholesterol, LDL = low-density lipoprotein, HDL = high-density lipoprotein, FBG = fasting blood glucose, CRP = C-reactive protein, Hcy = homocysteine, AIP = atherogenic index of plasma. Table 2Relationship of AIP with CHD by univariate analysis.NOdd ratio (95% CI)*P* valueAge4610.99 (0.97, 1.01)0.365Gender463 FemaleRef Male2.16 (1.46, 3.21)\<0.001BMI4200.99 (0.93, 1.06)0.855TG4581.32 (1.10, 1.58)0.003TC4580.99 (0.84, 1.17)0.96LDL4530.82(0.67, 1.00)0.054HDL4571.36 (0.80, 2.31)0.253AIP4572.52(1.29, 4.94)0.007FBG4611.15 (1.07, 1.23)\<0.001CRP3501.00 (0.99, 1.01)0.924Hcy4601.04 (1.01, 1.07)0.012Smoking461 NoRef Yes2.59 (1.71, 3.92) \< 0.001Diabetes461 NoRef Yes1.52 (0.94, 2.46)0.085Hypertension461 NoRef Yes1.26 (0.88, 1.82)0.209BMI = body mass index, TG = triglyceride, TC = total cholesterol, LDL = low-density lipoprotein, HDL = high-density lipoprotein, AIP = atherogenic index of plasma, FBG = fasting blood glucose, CRP = C-reactive protein, Hcy = homocysteine.

Multivariable logistic regression analysis showed that AIP was independently associated with CHD in men (OR = 4.90, 95%CI 2.11--11.38, *P* = 0.001) and this relationship remained significant after adjustment for age, BMI, FBG, Hcy, and smoking (OR = 4.44, 95%CI 1.62--12.21, *P* = 0.004). The results of the correlation analysis between the quartiles of AIP and CHD showed that Q4 of AIP was independently associated with CHD and the results of the trend test were also significant. However, these results were not found in women **(**Table [3](#Tab3){ref-type="table"} **)**.Table 3Relationship of AIP with CHD by multivariable logistic-regression model according to gender.**Model 1Model 2**NOdd ratio (95% CI)*P*NOdd ratio (95% CI)*P* Value**Female**155139**AIP**1550.75 (0.21, 2.60)0.6461390.47 (0.11, 2.08)0.318**Quartiles of AIP**155139Q1RefRefQ21.60 (0.59, 4.29)0.3521.16 (0.38, 3.60)0.795Q31.92 (0.74, 4.99)0.1811.67 (0.55, 5.06)0.366Q40.85 (0.28, 2.60)0.7760.43 (0.11, 1.75)0.239**P for trend**1550.99 (0.72, 1.37)0.9661390.87 (0.59, 1.29)0.494**Male**302**AIP**3024.90 (2.11, 11.38)0.0012734.44 (1.62, 12.21)0.004**Quartiles of AIP**302273Q1RefRefQ20.88 (0.46, 1.66)0.6830.862 (0.41, 1.81)0.693Q31.74 (0.89, 3.38)0.1001.51 (0.694 3.27)0.300Q42.18 (1.17, 4.07)0.0142.10 (1.00, 4.37)0.049**P for trend**3021.34 (1.10, 1.64)0.0042731.32 (1.04, 1.67)0.021Model 1: Crude.Model 2: Adjusted age, BMI, FBG, Hcy and Smoking.AIP = atherogenic index of plasma.

Further variance analysis between AIP and the severity of coronary artery stenosis, significant difference was found between the multivessel lesions group and the control group (*P* = 0.028), but not in other groups (*P* \> 0.05) **(**Fig. [1](#Fig1){ref-type="fig"} **)**.Figure 1Analysis of variance between control, single-vessel lesion and multi-vessel lesions. The difference between multivessel lesions group and control group was statistically significant (P = 0.028), and there was no statistical significance between the other groups (P \> 0.05).

Discussion {#Sec7}
==========

In the present study, we performed a cross-sectional study of 463 participants (306 men and 157 women) to investigate the association between AIP-which is the logarithmically transformed ratio of triglyceride to HDL-C and CHD, and the severity of coronary artery lesion. Univariate analysis and multivariate logistic regression analyses showed that AIP was independently associated with CHD in men but not in women. Further, within-CHD group analysis showed that AIP in the multivessel lesions group but not in the single-vessel lesion group was significantly higher than that in the control group. These results indicate that AIP is independently associated with CHD in male patients and is connected with multivessel lesions.

Dobiasova first proposed in 2001 that AIP is closely linked with the esterification rate of apoB-lipoprotein-depleted plasma and with the lipoprotein particle size, and thus could be used as a biomarker of plasma atherogenicity^[@CR6]^. As far as we know, our study is the first to show that AIP is independently associated with CHD in males. We also found a relationship between AIP and multivessel lesions in Chinese CHD patients.

Previous studies have shown that increased AIP value is associated with increased risk of CHD. The normal AIP values in young and healthy women are below 0.11 while the AIP value in men and subjects with increased risk of CHD such as hypertension, diabetes mellitus, and dyslipidemia can reach up to 0.4^[@CR7]^. According to the published epidemiological data, subjects of CHD risk can be further divided into three subgroups based on their AIP values: 1) low CHD risk: with the AIP values between --0.3 and 0.11 with; medium risk: with the AIP values between 0.11 to 0.21; and 3) high CHD risk: with the AIP values above 0.21 with^[@CR14]^. In our study, the AIP values of the CHD group is 0.2 \[−0.6--1.0\]. Most of the participants of this study fell into the medium-high groups.

No significant difference in blood TC, HDL, and LDL were found between the CHD and control groups. AIP is a logarithmically transformed ratio of the molar concentrations of TG and HDL-C, and it has been designated as a surrogate of small LDL particle size because AIP may be more closely associated with the risk of CHD.

A cross-sectional study showed a high risk of cardiovascular events (AIP = 0.369 ± 0.04) in nonobese sedentary Nigerian men^[@CR15]^. Another prospective study showed high AIP in both Turkish men and women as the strong risk factor for CHD^[@CR11]^. Also, a US study of the Women's Ischemia Syndrome Evaluation indicates that AIP was a significant independent predictor of all-cause mortality and cardiovascular events in women without prior myocardial infarction or coronary revascularization. In our present study, high AIP is associated with CHD in men but not found in women. These inconsistent results of gender difference in AIP may be due to differences in culture, race, diet, lifestyle, demographic characteristics and different inclusion criteria, and laboratory tests. While no ready explanation can be given yet, different postmenopausal and metabolic status could have also affected the AIP values. Nwagha *et al*.^[@CR10]^ showed a AIP value of --0.17 before menopause that increased significantly to 0.15 in postmenopause Nigeria women. Essiarab noted that a mean AIP value of 0.21 in obese women without metabolic syndrome that was doubled in the presence of metabolic syndrome^[@CR13]^. At the same time, it may be related to the fact that the number of the women participants was smaller and about half of the men in our study. Similarly, the significantly higher AIP values in the multivessel lesion group than in the control group, but not in the single-vessel lesion group could also be due to statistical bias because of the fewer single-vessel lesion cases.

As mentioned above, one limitation of our study is the relatively smaller sample size of female participants that may have caused a bias towards male findings. Also, our study population is from underdeveloped regions in Southwestern China, it is unknown yet whether such findings can be extended to other regions. Although increased AIP are reported to be associated with the risk of type 2 diabetes mellitus^[@CR8],[@CR9]^, hypertension^[@CR11]^, mood disorders^[@CR16]^, human immunodeficiency virus infection^[@CR17]^, schistosome infection^[@CR18]^, hyperuricemia^[@CR19]^, and preeclampsia^[@CR20]^, the present study could only effectively evaluate the relationship between AIP and CHD.

Many studies revealed gender differences in the presentation, prevalence, and clinical outcomes of CHD^[@CR21]--[@CR23]^. Compared with females, ST-segment elevation myocardial infarction is more often diagnosed in men^[@CR24]^. These findings indicate that gender may have an important influence on CHD. We agree with the research perspectives that an atherogenic LDL profile in postmenopausal women, comparable to that in men, may be related to both ageing and the menopause^[@CR25]^. The use of statins increased among US adults with high coronary heart disease (CHD) risk after publication of the 2001 cholesterol treatment guidelines. Lisandro suggested that the preferential use of statins by individuals with high CHD risk in the contemporary era may induce a bias in analyses of the association between serum lipids and CHD. This bias may have important implications for future studies of lipids and CHD risk and for CHD risk prediction^[@CR26]^.

In conclusion, increased AIP is independently associated with CHD in Chinese males and in people with multivessel lesions even after adjusting for traditional risk factors. Further studies are required to investigate the underlying mechanisms and the gender differences regarding the relationship between AIP and CHD.
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